Abstract-We analyze the R-and K s -band photometric profiles for two independent samples of edge-on galaxies. The thickness of old stellar disks is shown to be related to the relative masses of the spherical and disk components of galaxies. The radial-to-vertical scale length ratio for galactic disks increases (the disks become thinner) with increasing total mass-to-light ratio of the galaxies, which reflects the relative contribution of the dark halo to the total mass, and with decreasing central deprojected disk brightness (density). Our results are in good agreement with numerical models of collisionless disks that evolved to a marginally stable equilibrium state. This suggests that, in most galaxies, the vertical stellar-velocity dispersion, on which the equilibrium-disk thickness depends, is close to a minimum value that ensures disk stability. The thinnest edge-on disks appear to be low-brightness galaxies in which the dark-halo mass far exceeds the stellar-disk mass. c 2002 MAIK "Nauka/Interperiodica".
INTRODUCTION
Galaxy disks are complex structural components that include the bulk of the stellar mass in most of the spiral galaxies. Their masses and internal structure are crucial factors that determine all large-scale active processes in galaxies, such as propagation of density waves, star formation, and the associated phenomena.
As a rule, the brightness (and, consequently, the surface density) of disks at large galactocentric distances R decreases with increasing R according to an exponential law with a radial scale length h of the order of several kpc. Another geometrical parameter of the stellar disk-its thickness-can be characterized by vertical scale length z 0 . In an isothermal disk, the decrease of density with the distance from the galactic plane can be described by the following law:
although some other alternative approximations are possible (de Grijs and van der Kruit 1996) such as the exponential or sech(z)-model of brightness decrease.
The thickness z 0 , or the vertical disk scale height, is primarily determined by the local disk density and stellar velocity dispersion. However, as we can see * E-mail: Þ ×ÓÚ × ºÑ×ÙºÖÙ in our own Galaxy, young and old stars have different velocity dispersions resulting in a rather complex vertical disk structure. Actually, since the bulk of the disk mass in spiral galaxies consists of stars that are several billion years old, hereafter we assign the photometrically determined thickness to the old stellar disk. Nonexistent or small color gradients in edge-on galaxies in the direction perpendicular to the disk plane beyond the narrow lane along the major axis where dust is concentrated (see de Grijs 1998 and references therein) are indicative of the rather homogeneous stellar content of old disks.
In contrast to radial scale length h, the disk thickness can be measured directly only in galaxies where disks are seen edge-on. The relative disk thickness can be characterized, to a first approximation, by the photometric isophotal axial ratios b/a of these galaxies, although inferring the vertical-to-horizontal scale length ratio z 0 /h from photometric data requires modeling the 3D luminosity distribution of the disk (to make corrections for projection effect). The observed brightness distribution µ(r, z) (determined by neglecting absorption) in a finite-thickness disk seen edge-on is related to the parameters h and z 0 via modified Bessel's functions of the first kind, K 1 (r/h) (van der Kruit and Searle 1981a):
where r and z are the sky-plane coordinates.
Given relation (2), z 0 and h can be determined from the vertical and major-axis photometric cross sections, respectively. At the peripheral regions of galaxies, such a parameter as the so-called disk cutoff radius, R c , beyond which the decrease of the disk brightness is described by a shorter exponential scale length than at smaller galactocentric distances, may be of great importance. According to different estimates, R c is typically equal to (3-5) h (see de Grijs et al. 2001; de Grijs and van der Kruit 1996 ; and references therein).
Indirect estimates of z 0 may be based on measurements of the stellar velocity dispersion of the old disk population. However, such estimates require certain assumptions about the surface brightness or integrated mass of the exponential disk (Bottema 1993). The reverse is also true: given the disk thickness, velocity dispersion measurements make it possible to estimate the local surface brightness of the disk and, consequently, its total mass.
The observations of edge-on galaxies showed that the disk thickness varies over a wide range from one galaxy to another, and the apparent axial ratio can be as high as 10-20 for the thinnest disks (Kudrya et al. 1994; Karachentsev et al. 1997) . What determines the relative disk thickness remains an open question. It appears to correlate with the morphological type, although the latter is determined rather uncertainly for edge-on galaxies-it is inferred not from the shape of spirals but only from the relative size and luminosity of the bulge. The disks of late-type galaxies (Sc-Sd) are, on the average, "thinner" than those of early-type objects (Karachentsev et al. 1997; de Grijs 1998; Ma et al. 1997 Ma et al. , 1999 ). According to de Grijs (1998), the h/z 0 ratio in his sample of edge-on galaxies varies from 1.5-2 for early-type spirals to 3-8 for Sc-Sd galaxies, and in addition, the relative disk thickness shows no direct correlation with the rotation velocity or luminosity. To illustrate these conclusions, in Fig. 1 we compare the (B-band) a/b ratio according to the Flat Galaxy Catalog (RFGC) (Karachentsev et al. 1999) with the known HI line width (W 50 ), which is approximately equal to twice the maximum velocity V of disk rotation, and with absolute magnitude M B (both parameters adopted from LEDA catalog).
It can be expected, however, from the most general considerations that the relative thickness of the equilibrium disk (at least its minimum possible value) must reflect its kinematic characteristics. The disk thickness is indeed determined by its surface density and by the dispersion C z of stellar velocities in the direction perpendicular to the disk plane. On the other hand, C z and radial dispersion C r are interrelated quantities 1 with the minimum C r determined by the condition of local gravitational stability of the disk. Zasov et al. (1991) showed that if the radial dispersion C r of stellar velocities in an old stellar disk is close or proportional to the critical threshold for the gravitational (Jeans) instability of the rotating disk and if velocity dispersion C z along the z-coordinate is proportional to C r , then the relative disk thickness should increase with decreasing relative mass of the galactic halo.
To a first approximation (neglecting the z-component of the acceleration due to the spherical component of the galaxy), z 0 ≈ C 2 z /πGσ (here σ is the disk surface density). Let the radial velocity dispersion be equal to C r = Q × 3.36Gσ/κ, where κ ∼ V/R is the epicyclic frequency and the Toomre parameter Q = 1 corresponds to a thin uniform disk that is stable (in Toomre's sense) with respect to radial perturbations. In general, Q is a function of radius. Beyond the central bulge-dominated region, it varies slowly with R and gradually increases toward the periphery (Bottema 1993). Numerical models of marginally stable disks also show that parameter Q remains almost constant over a wide R interval beyond the central region and its value (Q ≈ 1.2-1.5) depends only slightly on the mass of the spherical and disk components of the galaxy (Khoperskov et al. 2002) . Hence, for the region where one can assume Q(R) ≈ const, the vertical-to-radial disk scale length ratio can be easily expressed in terms of other parameter ratios:
Here, M d ∼ σh 2 and M t ∼ V 2 h are the disk mass and the galaxy total mass, respectively, within the fixed radius (in the units of h). The thinnest galaxies can therefore be expected to be those with the highest mass fraction of the spherical halo. This conclusion agrees well with the results of the 3D N -body numerical simulations of collisionless disks (Zasov and Morozov 1985; Zasov et al. 1991; Mikhailova et al. 2001) . When applied to real galaxies, the situation is further complicated by a a number of factors that can potentially increase the thickness of quasi-equilibrium disks in the process of their long evolution and due to the slow increase of C z (Gerssen et al. 2000;  1 According to Gerssen et al. (2000) , direct estimates obtained for several galaxies yield Cz/Cr ≈ 0.5-0.8; within approximately the same interval (0.35-0.8) fall the ratios obtained by numerical simulation of the dynamical evolution of initially "cold" collisionless disks (Mikhailova et al. 2001) . The condition of stability against bending perturbations for collisionless disk yields Cz/Cr ≈ 0.37 (Polyachenko and Shukhman 1977) 
